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Basic concept of CAS
CAS (Computer-Aided Sintering) is used establish of mathematic models of sintering process and simulating this process by computer, finite element analysis and artificial intelligence technology. The temperature and thermal stress distribution fields in the inner of the product under some sintering condition can be required by simulation of the sintering process. So the rational sintering process can be designed to control the temperature and the thermal stress of the sintering process by the simulation results. Naturally the deformation and cracks during sintering process reduce and the quality of the sintering product improves.
3.2 Method of search for geometric heat centroidal point (GHCP) using of simulation technology 3.2.1 Research for GHCP on simple shape ceramic body In order to search for geometric heat centroidal point, temperature distribution of ceramic roughcast is analyzed with ANSYS. The shape of the ceramic roughcast is supposed to be square. Temperature load is applied according to the sintering curve (Hong & Hu, 1992) . Temperature rise rate k whose unit is °C/s is denoted by the slope angle α of the sintering curve (tanα=k). The 45° sintering curve means that the temperature rise rate is 1°C/s. The initial sintering temperature is 0 °C and the max one is 3600 °C. When reaching the max sintering temperature, the roughcast is cooled according to the same temperature change rate. Taking the 30° sintering curve as example, simulation of the temperature distribution of ceramic sintering with ANSYS is shown as Fig.1 . The temperature of every node at each time can be got. Four representative nodes are selected and shown as Fig.2 . Temperature difference between node A and D is much larger than that between node B and C. So node A and D whose temperatures are taken into consideration mostly are selected as geometric heat centroidal points of the square ceramic roughcast.
Research for GHCP on complex shape ceramic body
The complex shape ceramic body is shown in Fig.3 (a) . This problem belongs to transient thermodynamic issue. Based on its symmetry, a quarter of the ceramic body is used to build a finite element model which is shown in Fig.3 (b) . The temperature load is applied according to the sintering curve whose slope angle is 45° shown in Fig.4 (a). Temperature distribution map at different time points are illustrated in Fig5. The value of temperature increases from blue to red. It can be seen from these pictures that the location of geometric heat centroidal point (GHCP) is at notes O, P and Q shown in 
Simulation of temperature field evolution of ceramics body adopting ANN (Artificial Neural Network) technology
BP network has a strong non-linear mapping ability and a flexible structure. In this paper, a non-linear function f: y n ×u n × n → ý is confirmed to simulate the temperature distribution of ceramic sintering. The following equation having the non-linear mapping relationship is realized by the BP neural network. In equation (1), ý is the output of the BP neural network, y is the temperature distribution data of the ceramic GHCP analyzed with ANSYS and also the input of the BP neural network, u is the time series of the input parameter, p is the number of the input parameter. This BP neural network is a series-parallel model.
The BP neural network is trained by the monitoring way. The input sample of the neural network is very important during training. The result analyzed with ANSYS is used as input sample to train the network in this paper. Ceramic sintering under linear sintering curves with ten different slopes from 5 to 85°has been analyzed with ANSYS. The analyzed data has been used as the training sample of the neural network. The temperature distribution of the ceramic GHCP A and D analyzed with ANSYS is shown as During training BP neural network, there usually happens platform phenomenon, which is false saturation and makes BP neural network constringe slowly. The reason of appearance of platform phenomenon is: When all of the neuron input attains saturation area, the derivative of the saturated non-linear neuron function approaches zero, which causes weight and valve value can not update effectively. For the sake of reduction or elimination of the Platform phenomenon, neural network has been analyzed and adjusted according to following several aspects (Li, 1996; Xie & Yin, 2003) . The sample value is normalized into range from 0.1 to 0.9 by equation (2). Where x i is normalized sample value. x min and x max express the minimum and maximum value of x i , respectively. 
The preliminary weight value is set up randomly in the training process of the BP neural network. In order to rapidly constringe of the neural network training process and reduce Platform phenomenon, the preliminary exciting value is selected within ±0.01 in this paper. Sigmoid function including logarithm function, hyperbolic-tangent function and so on is adopted widely in BP neural network. In this BP neural network, hyperbolic-tangent function is used as the neuron function in hidden layer, and the linear function is used as neuron function in out-put layer. The topology of the entire neural network plays a key role. The node number of the input layer and the output layer is easily ascertained by the number of input parameter and output parameter. Thus, the neuron number of the hidden layer is the key to determine the topology of the neural network. If the neuron number of the hidden layer is too small, it will seriously affect the approximation ability of the neural network. If the neuron number of the hidden layer is excessive, it will aggravate the burthen of the neural network. The neuron number of the hidden layer is selected 80 in this study. Dynamic study rate η is adopted to accelerate the BP neural network convergence. The dynamic coefficient mc make the weight value use the trained information. In training process, the weight value varies toward the last adjusted result. Selecting optimum study rate η and dynamic efficient mc will accelerate BP neural network convergence and decrease platform phenomenon. When the study rate is 0.075, the neural network converges fastest, and the training time is least. The bigger the dynamic efficient mc is, the higher the convergence speed of the neural network is. If the dynamic efficient mc is too big, it will make the convergence of the neural network unsteady and the kinds of instable factors will increase, too. As a result, the local convergence usually happens in training network. When the trained results differ little at different dynamic efficient, the smaller dynamic efficient mc is selected.
The trained neural network is tested by the sample analyzed with ANSYS under non-linear sintering curve. The input sample of the test and the tested result is shown as Fig.7 . The biggest error is within 5°C. So the temperature difference of the ceramic HGCP can be forecasted fast by the trained BP neural network (Liu et al., 2010) . Since the tensile stress is the main reason of product destruction during ceramic sintering, the first principal stress is elected as the basis for analysis. The temperature load is applied according to the sintering curve whose slope angle is 45° shown in Fig.8 (a) . when the outside body temperature rises to 1120 degrees, The stress distribution is illustrated in Fig. 8 (b). The maximal stress value appears at node E which is not the maximal temperature difference node A and D. The node E is illustrated in Fig.9 . The stress change at node E during the whole sintering process is illustrated in Fig.10 (a) . The maximum stress at node E appears twice respectively at 1120s and 4440s which are exactly the two time points of the maximum temperature difference. When temperature distribution is uneven the thermal stress appears in older to maintain the continuity of displacement. It is shown that the basic cause of thermal stress is temperature variation. The maximal tensile stress is 0.975165E09Pa at 1120s which is the finish time of heating and also the start time of the first temperature holding, and 0.104123E10Pa at 8440s which is the finish time of cooling and also the start time of the second temperature holding. This indicates that more temperature variation during heating or cooling will cause larger E www.intechopen.com temperature difference between A node and D node, and then the holding make the temperature difference tend to be uniform. It is shown that the change process of stress illustrated in Fig.10 (a) is firstly from zero to the peak in heating time, from the the peak to zero in the first holding time, secondly from zero to the peak in cooling time, from the the peak to zero in the second holding time. The two peak pressure points are points M and N, respectively corresponding to m and n in Fig.10 (b) The higher the temperature difference the higher the stress. The more the alternate changing times of extreme pressure the poorer ceramic quality Cracks. All that causes deformation and other defects at node E.
(a) The stress curve (b) The temperature difference curve Fig. 10 . The stress curve and the temperature difference curve
Stress analysis of variable slope curve
The temperature load is applied according to the sintering curve whose slope angle is variable shown in Fig11 (a). The temperature difference variation curve between node A and node D gotten after thermal analysis by indirect method is illustrated in Fig.11 (b) . The stress distribution map at 8109s and the stress variation curve at node E during the whole sintering process are shown in Fig.12 .
(a) Sintering curve with variable slope angle (b) temperature difference variation curve The stress distribution map at 8109s and variation curve at node E It can be seen from the charts that there is not significant temperature insulation process and temperature difference changes slightly. During the whole sintering process only one pressure peak whose value is 0.278387E+09Pa appears at 8109s during cooling at node E. Sintering curve with variable slope being adopted, the maximum stress is 26.7% of conventional sintering curve, however, the time expended is 95.5%. During the whole sintering process, the pressure peak appears only once during cooling when the ceramic body is still in the plastic deformation stage. So the damage caused by stress is very small. The conclusions can be drawn from the above analysis: for simple symmetrical ceramic body, adopting variable slope sintering curve is more reasonable, safer and more effective than the traditional fixed-slope curve.
Appropriate processes of ceramics sintering based simulation technology
There is an appropriate processes during ceramic sintering. Temperature variation of GHCP under different sintering process reveals this mystery. The temperature variation curves of node A and D under both the linear firing curves and step firing curves with slope angles of 30°, 45°, 60° are shown in Fig.13~15 . The temperature difference curves between node A and D are shown in Fig.13~15 , too (Zhang et al., 2008) .
The max value appears at the second wave crest of the temperature difference curve in firing process under the step sintering curve in Fig.13~15 . In Fig.13 , the heat preservation is applied at the time of the temperature difference curve approaching the platform area. By now the reduction of the max temperature difference is very small, only 2.06%. In Fig. 14, the heat preservation is applied at the time of the temperature difference curve just leaving the overlap area. The reduction of the max temperature difference increases slightly, about 8.42%. In Fig.15 , the heat preservation is applied at the time of the temperature difference curve being at the overlap area. The reduction of the max temperature difference achieves about 17.3%. The result indicates that: the max temperature difference can not be reduced effectively by joining the heat preservation process at any time; the max temperature difference can be reduced effectively when the heat preservation process is applied at the time of the temperature difference curve being at the overlap area; the effect is worse when the curve is near the platform area. So it is necessary to analyze the temperature difference curve for choosing the heat preservation time properly.
(a) 30° linear sintering curve (b) 30° step sintering curve 
